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Six patients with coexistent Mahaim and Kent accessory
connections are described. Two had left nodoventricular
Mahaim connections, the first reported cases demon-
strating these findings. In neither were the left-sided
Mahaim connections components of a tachycardia and
their presence was incidental. In two of four with nodo-
ventricular connections, associated atrioventricular (AV)
node conduction and coexistent posteroseptal accessory
pathways were found. One of these had the unusual
finding of a right-sided Mahaim connection arising from
a "fast" AV node pathway. In only one patient did the
tachycardia incorporate the Mahaim connection. In this
patient, anterograde conduction during tachycardia oc-
curred over a right nodoventricular connection whereas
retrograde conductionoccurred through a concealed right
Precise identification of critical components of the tachy-
cardia circuit is required for successful use of newer inter-
ventional techniques in patients with the Wolff-Parkinson-
White syndrome and drug-refractory arrhythmias. Patients
with multiple accessory atrioventricular (AV) connections
may prove to have particularly complex arrhythmia patterns.
For example, there are relatively few current published re-
ports containing adequate documentation of combined ex-
tranodal accessory connections (Kent bundles) with Mahaim
connections. In this report we present our experience in six
patients with combined Kent and Mahaim connections and
review the published studies on this entity. In addition, we
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free wall Kent connection. Two patients had fasciculo-
ventricular connections that were associated with either
septal (one patient) or left free wall (one patient) Kent
connections. The latter also had evidence of enhanced
AV node conduction.
This report is unique in that it describes in detail two
patients with left nodoventricular connections (Mahaim)
inserting in or near the left posterior fascicle. Combined
Kent and Mahaim connections, present in the six pa-
tients, appear to occur in approximately 5% of patients
with the WolfT-Parkinson-White syndrome. Precise
identification of bypass connectionscritical for reentrant
circuits is essential for intelligent application of treat-
ment options.
(J Am Coli CardioI1987;10:364-72)
report the first documented cases of patients with a left
nodoventricular connection.
Methods
Over the past 4 years, III consecutive patients with the
Wolff-Parkinson-White syndrome have undergone invasive
electrophysiologic testing at either the University of Cali-
fornia, San Francisco Medical Center or the University of
Michigan Medical Center. Six of these patients were iden-
tified as having coexistent Mahaim connections and form
the basis of this report.
Details of the electrophysiologic study protocol have been
previously described (I). The presence of an extranodal
bypass connection was defined according to criteria sug-
gested by Wellens (2). Patients with Mahaim connections
were separated into those with nodoventricular or fascicu-
loventricular connections according to criteria suggested by
Gallagher et aI. (3). The presence of enhanced AV node
conduction was diagnosed according to criteria suggested
by Benditt et aI. (4) and dual AV node conduction according
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to criteria proposed by Denes et al. (5). Throughout this
study we use the pre-excitation classification and terminol-
ogy proposed by the European Study Group (6).
Results
Case 1
A 28 year old man with known Wolff-Parkinson-White
syndrome (Fig. I ) was referred to our hospital after an
episode of near-syncope due to atrial fibrillation with a ven-
tricular rate of approximately 300/min. Invasive electro-
physiologic studies demonstrated evidence of a posterosep-
tal accessory connection pathway that was successfully ablated
by using an electrode catheter technique (7) . Dual AV node
conduction could not be assessed in the presence of anter-
ograde accessory pathway conduction. After the ablative
procedure, the pre-excitation pattern disappeared and the
patient became symptom free.
Electrophysiologic findings. A repeat electrophysio-
logic study was performed 6 months after ablation of the
accessory connection. During sinus rhythm, the AH (80 rns)
and HV (40 ms) intervals were normal. Atrial overdrive
pacing showed gradual prolongation of the AH interval and
Wenckebach conduction at an atrial paced cycle length of
370 ms. The HV interval remained normal at all paced cycle
lengths. Premature right atrial stimulation at a basic drive
cycle of I.000 ms revealed dual AV node conduction
(Fig. 2).
Programmed atrial stimulation. Atrial diastole was
scanned with a single atrial depolarization and an abrupt
increase in the AH interval was found consistent with the
presence of dual AV node conduction. Atrial extrastimuli
Figure I. Case I. Twelve lead electrocardiogram during sinus
rhythm (preablation). Pre-excitation is present and the initial delta
forces are directed anteriorly. superiorly and leftward.
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Figure 2. Case 1. Graph of relation between progressively pre-
mature atrial extrastimuli (A ,A 2) induced at a drive cycle length
of 1.000 ms and the AV node (A2H2) and infranodal (H2V2) re-
sponse. A dual AV node response curve is inscribed. Late atrial
extrastimuli (AI A2) are conducted over the " fast" AV node path-
way. Earlier extrastimuli conduct over the slow pathway and are
associated with progressive shortening of the HV intervals.
introduced relatively late in the atrial diastolic cycle were
conducted over the "fast pathway" and showed a normal
QRS complex. Earlier atrial extrastimuli produced a func-
tional right bundle branch block pattern associated with a
normal or prolonged HV interval (Fig. 3). Still earlier atrial
impulses showed progressive decrease in the HV interval
(Fig. 2, left and Fig. 3) . The right bundle branch block
morphology was similar to that observed with functional
right bundle branch block and there was no evidence of a
delta wave on the surface electrocardiogram (ECG). Pre-
mature atrial stimulation at more rapid atrial drive rates
failed to show dual AV node conduction or ventricular pre-
excitation.
Ventri cular stimulation. Ventricular overdrive pacing
revealed I:I decremental ventriculoatrial conduction with
retrograde Wenckebach conduction achieved at a paced cycle
length of 350 ms. The earliest area of retrograde atrial ac-
tivat ion was over the low atrial septum both dur ing ven-
tricular overdrive and during premature ventricular stimu-
lation. Tachycardia was not inducible with either atrial or
ventricular pacing. The patient remains completely asymp-
tomatic after a follow-up interval of 18 months.
Comments. These fi ndings can be best explained by
postulating the presence of dual AV node conduction with
a left nodoventricular connection in close functional asso-
ciation with the slow AV node pathway. An alternate ex-
planation might involve anterograde conduction over a dam-
aged posteroseptal bypass connection that now shows node-
like properties.
Severa l findi ngs are against this latter hypothesis: I )
There were striking morphologic differences in the QRS
pattern before (Fig. I) and after (Fig. 3) ablation; 2) delta
waves were never recorded after ablation (even after long
atrial pacing-induced pauses); 3) one would have to assume
that anterograde conduction over the bypass tract occurred
fortuitously at the precise time that anterograde conduction
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Figure 3. Case I. Simultaneous re-
cordings of surface leads VI, I and III
and high right atrium (HRA) and His
bundle (HBE) electrograms. Atabasic
drive (SISI) of 1,000 ms, premature
atrial impulses (S2) induced from 500
to 470 ms after the basic drive (S\)
resulted in functional right bundle
branch block with normal toprolonged
HV intervals (top). Progressively pre-
mature atrial impulses (S2) delivered
at a range of AIA2 from 400 to 380
ms after the basic drive (SI) resulted
inprogressive fusion of theHis bundle
deflection into theventricular complex
with development of a right bundle
branch block pattern andsuperior axis.
The QRS configuration is similar to
that inscribed during functional right
bundle branch block associated with
normal (or prolonged) HV intervals.
A = atrial deflection; H = His de-
flection; V = ventricular deflection.
Paper speed = 100 mm/s.
1••c
over the slow pathway became operative; and 4) because
there was no evidence of eccentric atrial activation during
ventricular pacing, one would have to further assume one-
way conduction over the accessory pathway.
The similarconfiguration offunctional rightbundle branch
and pre-excited complexes (Fig. 3) is compatible with a
Mahaim connection insertion close to the left bundle branch.
Alternatively, the short HV time could have been due to
the recording of a right bundle branch potential rather than
a true His deflection. This seems unlikely because there was
no change in the recorded atrial electrogram. Likewise,
fortuitous premature ventricular complexes only occurring
at close atrial coupling intervals resulting in this pattern
would appear to be very unlikely.
Case 2
A 42 year old woman had presented with a 30 year history
of tachycardia owing to the Wolff-Parkinson-White syn-
drome. She was referred for evaluation after an episode of
near-syncope associated with atrial fibrillation and rapid
ventricular response. The ECG showed evidence of ven-
tricular pre-excitation. During control studies, the AH in-
terval was 50 ms and the HV interval was 25 ms. Ortho-
dromic AV reentrant tachycardia was also attended by an
HV interval of 25 ms. Atrial endocardial mapping either
during orthodromic tachycardia or during right ventricular
pacing showed earliest atrial excitation localized to the distal
coronary sinus electrogram.
The patient underwent intraoperative mapping with di-
vision of a left lateral accessory connection. After surgery,
the patient remained free of episodes of palpitation.
Electrophysiologic findings. A postoperative electro-
physiologic study 6 months after surgery revealed sinus
rhythm at a cycle length of 640 ms with an HV interval of
40 ms and a QRS duration of 140 ms associated with a right
bundle branch block morphology (Fig. 4). High right atrial
overdrive pacing revealed I: I conduction to a paced cycle
length of 300 ms, when 4:3 AV node Wenckebach con-
duction was present. Additionally, as the AV interval
lengthened from 80 to 180 ms, the HV interval shortened
with the His depolarization being driven into the QRS com-
plex; this was associated with development of a right bundle
branch block with a superior frontal plane axis (Fig. 4,
bottom). Late programmed atrial extrastimuli delivered dur-
ing sinus rhythm revealed prolongation of the AV node
conduction time withconstant HV interval and a right bundle
branch block morphology, whereas earlier induced atrial
extrastimuli resulted in progressive shortening of the HV
interval with eventual merging of the His deflection within
the ventricular complex similar to that shown for Patient I.
There was no evidence of dual AV node conduction in
response to atrial extrastimuli either during sinus rhythm or
at a paced cycle length of 500 ms. Retrograde ventriculo-
atrial (VA) Wenckebach conduction was demonstrated at a
ventricular paced cycle length of 400 ms. Neither overdrive
nor programmed atrial or ventricular stimulation induced a
reentrant tachycardia.
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Figure 4. Case 2. Postoperative study showing control (upper)
and right atrial overdrive pacing recordings (bottom). Thecontrol
intervals were AH = 60 ms and HV = 40 ms and the QRS
complex demonstrated complete right bundle branch block. With
atrial overdrive pacing, there is AV node Wenckebach conduction
atacycle length of300ms. Note thechanges intheQRS complexes
associated with a shortened HV interval (beats 2 and 3 of the lower
panel). LA = left atrial electrogram; other abbreviations as in
Figure 3.
Comments. The findings for this patient are very similar
to those recorded for Patient I. The presence of a Mahaim
connection was suspected preoperatively because of the short
HV interval during orthodromic tachycardia. The baseline
postoperative electrophysiologic study is interpreted as
showing either a "fixed" right bundle branch block pattern
or, more likely, a right bundle branch block pattern resulting
from fusion of impulses transmitted over both the normal
AV conducting system and a left nodoventricular bypass
connection. Premature atrial extrastimuli resulted in further
delayed conduction in the distal node, more pre-excitation
over the nodoventricular connection and concomitant changes
in the QRS configuration. The additional feature found in
Patient 2 is development of a more pronounced pattern of
pre-excitation, which occurred during AV Wenkebach con-
duction. The latter strongly suggests anterograde conduction
over a node-like structure. The marked changes between
maximally pre-excited complexes before and after surgery
exclude the possibility of decremental conduction over a
damaged left lateral accessory pathway. The most likely
explanation of the electrophysiologic findings is a nodo-
ventricular connection inserting directly into a left ventricle
near the left posterior fascicle.
Case 3
A 63 year old man without known cardiac disease pre-
sented with a 31/1 year history of recurrent palpitation and
one syncopal episode. The 12 lead electrocardiogram showed
evidence of ventricular pre-excitation,
Electrophysiologic findings. The control tracings showed
an AH interval of I 15 ms with the His bundle deflection
inscribed within the QRS complex. Both atrial overdrive
pacing and premature atrial stimulation resulted in prolon-
gation of the AV and AH intervals. The QRS complex
showed a more pronounced pattern of left bundle branch
block and superior frontal plane axis as the His deflection
merged with the QRS complex. In addition. junctional com-
plexes were pre-excited (Fig, 5), Atrial premature com-
plexes induced 290 ms after a basic drive of 500 ms showed
abrupt lengthening of the AH interval (270 ms) and initiation
of a narrow complex tachycardia. Premature ventricular stimuli
delivered during inscription of the His bundle advanced the
next atrial cycle but the sequence of atrial activation re-
mained unchanged. Endocardial mapping during tachycar-
dia showed that the earliest area of excitation was in the
region of the coronary sinus os. In addition, spontaneous
development of a left bundle branch block pattern during
tachycardia prolonged the interval from initial ventricular
activation to the earliest atrial electrogram by 25 ms com-
pared with that observed during narrow complex tachycardia
(Fig. 6). The tachycardia could not be provoked after quin-
idine therapy and the patient has remained asymptomatic
during the follow-up interval of 4 years.
Figure 5. Case 3. An atrial extrastimulus (S2) introduced 290 ms
after the last basic drive (SI) at a cycle length of 500 ms results
in prolongation of both the AV node conduction times (A2H 2 and
A2V2). The extrastimulus is followed by a junctional extrasystole
(arrow) which is also pre-excited. CSd and CSp are distal and
proximal coronary sinus, respectively; other abbreviations as in
Figure 3.
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Figure 6. Case 3. The effects of functional left bundle branch
block during orthodromic atrioventricular tachycardia. During
tachycardia with a narrow QRS complex (left panel), the ven-
triculoatrial (VA) conduction time (110 ms) is shorter than that
during tachycardia with the left bundle branch blockcontour (135
ms) (right panel). Abbreviations as in Figures 3 and 5.
Comments. The evidence of decremental anterograde
AV conduction, left bundle branch block and superior axis
and junctional complexes with pre-excited complexes iden-
tical to those found during conducted complexes speaks for
the presence of a right nodoventricular pathway. The abrupt
increase in the AH interval associated with narrow complex
tachycardia initiation suggests that the Mahaim connection
arises in close proximity to a fast AV node pathway. Pre-
excited junctional complexes are further evidence for a Ma-
haim connection. Critically timed atrial premature com-
plexes block in the fast AV node pathway and conduct over
the slow pathway, initiating a circus movement tachycardia.
The retrograde limb of the tachycardia was provided by a
posteroseptal accessory connection that was proved by en-
docardial atrial mapping during tachycardia as well as by
the changes in ventriculoatrial conduction intervals with
development of functional left bundle branch block.
Case 4
A 32 year old woman had a history of palpitation, light-
headedness and dyspnea. The echocardiogram demonstrated
mitral valve prolapse, and an ECG recorded during a spon-
taneous episode of tachycardia demonstrated a left bundle
branch block configuration with a superior axis.
Electrophysiologic findings. The HV interval was 30
ms during sinus rhythm. Incremental right atrial pacing dem-
onstrated progressive increase in the AV interval and short-
ening of the HV interval, in association with a left bundle
branch block configuration. Programmed atrial stimulation
resulted in the induction of a tachycardia identical to the
patient's spontaneous tachycardia. The HV interval during
the tachycardia was - 20 ms. During the tachycardia, pre-
mature right ventricular depolarizations delivered during His
bundle depolarization resulted in advancement of the atrial
deflections by 20 to 30 ms. Mapping of the tricuspid anulus
and coronary sinus demonstrated that the earliest atrial de-
polarization during the tachycardia occurred at the anterior
right atrium (VA interval 107 ms). After the administration
of intravenous procainamide, ventricular pre-excitation no
longer occurred during atrial pacing, there was VA Wenck-
ebach block at a ventricular paced cycle length of 350 ms
and the tachycardia was no longer inducible. The patient
was treated with oral procainamide and has remained asymp-
tomatic.
Comments. The demonstration of ventricular pre-ex-
citation with a left bundle branch block configuration in
association with progressive prolongation of the AV interval
provided evidence of a right-sided nodoventricular connec-
tion. During the tachycardia, ventricular activation occurred
over the nodoventricular connection, but there was also
anterograde depolarization of the His bundle, ruling out the
possibility that the retrograde limb of the reentrant circuit
was the His-Purkinje system (8). AV node reentry with an
"innocent bystander" nodoventricular connection (8,9) was
also ruled out by the ability of ventricular premature de-
polarizations coincident with the His bundle electrogram to
advance the atrial electrographic deflections. The latter ob-
servation provided evidence for an extranodal accessory
connection that was confirmed by atrial endocardial map-
ping during the tachycardia.
Case 5
A 30 year old man presented with a history of recurrent
palpitation. Prior ECGs showed intermittent pre-excitation.
He was referred for study after a 13 hour episode of pal-
pitation.
Electrophysiologic findings. During sinus rhythm, the
predominant findings were an AH interval of 80 ms and HV
interval of 25 ms; however, various types of pre-excitation
patterns were recorded, ventricular pre-excitation occurring
at times over I) an extranodal connection, 2) a Mahaim
connection, and 3) the normal AV conduction system (Fig.
7). The QRS complexes associated with a normal HV in-
terval were similar to the Mahaim pre-excited complexes
except that the latter usually showed very small q waves in
the inferior leads. The patterns observed were similar to
spontaneously recorded complexes. During the baseline study,
fully pre-excited complexes were recorded mainly after pac-
ing-induced pauses and became more numerous after iso-
proterenol infusion.
Overdrive and programmed pacing. With decremental
right or left (coronary sinus) atrial pacing, the AH interval
prolonged from 80 to 130 ms and AV node Wenckebach
conduction was present at a paced cycle length of 300 ms.
At each pacing cycle length, the HV interval remained con-
stant (25 ms) as did the surface QRS complexes.
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Figure7. Case 5. Simultaneous recordings of surface
leads VI, I and III and the His bundle electrogram
(HBE). All complexes are similar to those recorded
from the 12 lead electrocardiogram. The first complex
shows a normal PR interval and short HV interval (25
ms). The third complex shows a normal HV interval
(40ms) anddiffers from thefirst in thatsmall q waves
are present in lead III. The second and fourth com-
plexes reveal full pre-excitation.
Progressively premature atrial stimuli showed decremen-
tal AV node conduction and a constant short HV interval
(Fig. 8). Progressivelypremature atrial extrastimuli resulted
in either a narrow QRS complex or left bundle branch block
complexes with normal or prolonged HV intervals (Fig. 8.
bottom). Similar findings were observed during tachycardia.
Overdrive ventricular pacing showed I: I retrograde VA
conduction to a paced cycle length of 400 ms with a constant
retrograde conduction time of 120 ms. Atrial endocardial
mapping during ventricular pacing or tachycardia showed
earliest retrograde atrial activation localized to the low an-
teromedial portion of the atrial septum. Similarly. progres-
sively premature ventricularextrastimuli resulted in constant
retrograde VA intervals.
Comments: We interpret the data as being most con-
sistent with the presence of a septal accessory connection
with poor anterograde conducting properties. The tachcardia
circuit involves anterograde conduction over the normal
conducting system and retrograde conduction over the septal
accessory connection. The constant and short HV intervals
with atrial stimulation are characteristic of a coexistent fas-
ciculoventricular connection. In addition, conduction over
the Mahaim tract was associated with only slight changes
in QRS configuration (at times, for example, the small q
waves in the inferior leads disappeared). These very slight
changes in QRS configuration suggest insertion of fibers
into ventricular muscle contiguous to a fascicle (10). Con-
sistent normalization of the HV interval with development
of a left bundle branch block pattern suggests either origin
of the Mahaim tract from the left bundle or similar refrac-
toriness of the Mahaim tract and left bundle branch.
Case 6
A 19 year old man presented after an episode of aborted
sudden death. There was a 6 year history of recurrent par-
oxysmal supraventricular tachycardia and atrial fibrillation
with a rapid ventricular response, due to the Wolff-Parkin-
son-White syndrome. Prior therapy consisted of multiple
drug trials and several direct current chest shocks. Five days
before admission. the patient developed atrial fibrillation
with a rapid ventricular response that deteriorated during
monitoring into ventricular fibrillation. Multiple direct cur-
rent shocks were required.
Preoperative electrophysiologic study. The study dem-
onstrated ventricular pre-excitation and programmed stim-
ulation induced an orthodromic AV reciprocating tachycar-
dia. During tachycardia, the earliest atrial activation occurred
in the distal coronary sinus electrogram, the HV time re-
mained short and ventricular pre-excitation was evident.
Duringventricularoverdrive pacing, earliest atrial activation
occurred over two separate areas. One site was at the left
lateral border of the coronary sinus and the other at the low
atrial septum. These phenomena were believed to be com-
patible with a left lateral accessory connection and enhanced
AV conduction or an additional septal accessory connection.
The presence of anterograde pre-excitation during ortho-
dromic tachycardia could have been due to conduction over
an additional extranodal or Mahaim connection. The patient
subsequently underwent surgical division of a left lateral
Kent connection.
Postoperative electrophysiologic findings. After sur-
gical ablation of the connection, a short AV conduction time
(80 ms) with ventricular pre-excitation was present. Atrial
pacing showed I: I capture to a cycle length of 250 ms
associated with gradual lengthening of the AV interval from
115 to 150 ms. Epicardial mapping showed that there was
no early ventricular activation at the AV ring. These findings
are compatible with enhanced AV node conduction.
After recovery from surgery, a follow-up electrophysi-
ologic study demonstrated ventricular pre-excitation and a
short PR interval. The AH interval measured 45 ms and the
HV interval 20 ms. Incrementalatrial overdrive pacing dem-
onstrated a constant short HV interval, with maximallength-
ening of AH to 70 ms at an atrial drive cycle length of 320
ms. AV node Wenckebach conduction was achieved at a
paced cycle length of 300 ms (Fig. 9). Programmed atrial
stimulation at 10 ms decrements demonstrated a constant
short HV interval (25 ms) at AIA2 coupling intervals of 450
to 300 ms. Atrial extrastimuli, introduced from 290 to 280
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III Discussion
Mahaim connections. Nodoventricular connections were
thought to always insert into the right ventricle (II). Mat-
suguchi et a1. (12) described a patient with left-sided Ma-
haim fibers that were postulated to originate from the junc-
tion of the AV node and the His bundle. The histologic
substrate of a left nodoventricular tract was recently doc-
umented by Thiene et a1. (13). Our report is unique in that
we demonstrated the existence of functional left nodoven-
tricular Mahaim tracts in two patients. In our two patients,
typical features of a nodoventricular tract were present in
that progressively premature atrial depolarizations resulted
in progressive prolongation of AV node conduction with
progressive fusion of the His deflection within the QRS
complex. An extranodal bypass tract with decremental prop-
erties is unlikely in either patient because delta waves were
never recorded. In addition, anterograde conduction over
the Mahaim tract showed a right bundle branch block pattern
with superior frontal plane axis. These findings suggest that
the nodoventricular fibers inserted into or in very close prox-
imity to the left posterior fascicle. These features are very
similar to those described for patients with right nodoven-
tricular fibers (that is, no delta waves, left bundle branch
block and a superior axis).
Dual AV node. Case 3 presented several features of
note. This is the first completely documented case of com-
bined extranodal accessory connection (concealed poster-
oseptal) with nodoventricular fibers emanating from (or in
close functional continuity with) a "fast" AV node path-
way. Lerman et al. (14) reported on a patient with dual AV
node conduction, a right nodoventricular connection and a
concealed posteroseptal accessory connection. Their patient
differs from ours in that the nodoventricular connection
appeared to emanate from the slow AV node pathway. In
previous reports (15-18), the right nodoventricular connec-
tions appear to preferentially either emanate from or be in
close functional continuity with "slow" AV node pathways.
To our knowledge, only one abstracted report (19) describes
the origin of a nodoventricular tract from a fast AV node
pathway.
Mahaim tachycardia. In Case 4, a nodoventricular tract
was found to be associated with the presence of a concealed
right-sided accessory AV connection. This association has
been reported only once before, in a patient with Ebstein's
anomaly (20). This was the only case in this series in which
the nodoventricular tract participated in a tachycardia cir-
cuit.
Combined connections. Most of the published data con-
cerning the association of Kent and Mahaim tracts consist
of isolated case reports (21-25). The largest series available
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ms after drive, resulted in normalization of the HV interval
and the delta wave vanished (Fig. 10). Atrioventricular
tachycardia was no longer inducible. Induced atrial fibril-
lation resulted in a moderate ventricular response with the
shortest RR interval measuring 350 ms.
Comments. These postoperative electrophysiologic
findings were interpreted as demonstrating enhanced AV
node conduction together with a right fasciculoventricular
V, - --'\ ,.-- - __ ,.. _
Ieee
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Figure 8. Case 5. Atrial premature impulses (S2) induced at vary-
ing intervals after the basic drive cycle of 500 ms (S,) result in
prolongation of the AV node conduction time (A2H 2) and the A2V2
interval but the HV interval remains constant (25 ms) except in
the bottom panel. In the middle panel, an atrial extrastimulus
delivered 330 ms after the basic drive cycle produces an atrial
echo beat (Ae). Earlier premature atrial extrastimuli (:0;290 ms)
resulted in patterns of an incomplete or complete left bundle branch
block and were always associated with normalization or prolon-
gation of the HV interval (40 to 65 ms) (bottom panel). The atrial
echo beats show a low septal to high right atrial (RA) sequence.
Abbreviations as in Figure 3.
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Figure 9. Case 6. The postoperative electrophysio-
logic study shows AV node Wenckebach conduction
in response to atrial overdrive pacing (51! at a cycle
length of 300 ms. The HV interval remains short (25
ms) and is constant. Abbreviations as in Figure 3.
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is from Gallagher et aI. , (26) who described coexistent Kent
and Mahaim pathways in 7 (6%) of 134patients with a Kent
bundle. Four patients had associated nodoventricular and
three had fasciculoventricular connections. In the latter se-
ries, three of the four patients with coexistent nodoventric-
ular and Kent bundles had Ebstein 's anomaly, whereas two
of the three with a left free wall connection had enhanced
A V node conduction. In our series, a similar incidence (5%)
of coexistent Kent and Mahaim connections was found. We
corroborated the apparent association of a left free wall
accessory connection and enhanced AV node conduction
(Cases 2 and 6) (27). Our findings differ from those reported
by Gallagher and associates (28,29) in that none of our
patients had echocardiographic evidence of Ebstein' s anom-
aly. Two of four patients with a nodoventricular pathway
in our series had an associated posteroseptal accessory path-
way and similar findings have been reported by others (14,25).
The anatomic basis for this possible association remains
unknown.
Clinical implications. Precise identificationof pathways
critical to the reentrant circuit of a tachycardia is required
for effective use of nonpharmacologic treatment modalities.
In the present series, for example, although six patients had
coexistent Kent and Mahaim pathways, the latter proved to
be a critical component of the tachycardia circuit in only
one. Identification of benign " bystander" accessory con-
nections is required to avert use of inappropriately aggres-
sive medical or surgical therapy. Our observations further
emphasize the need for postoperative electrophysiologic
evaluation for complete characterization of accessory con-
nections that may be masked by a functional Kent connec-
tion.
Figure 10. Case 6. Progressively pre-
mature atrial extrastimuli (52) at vary-
ing intervals after the basic drive train
(SI! show prolongation of the AH in-
terval but the HV interval remainsshort
and constant (left panel ). Introduction
of a very early extrastimulus (5 2) (290
ms, right panel ) produces a normal
HV interval and change in the QRS
complex. Abbreviations as in Fig-
ure 3.
- c
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